Two systems are described for the collection of 24 h urine samples from the common marmoset (Callithrix jacchus).
Summary
Two systems are described for the collection of 24 h urine samples from the common marmoset (Callithrix jacchus).
Using 84 adult animals, 1210 24-h samples were collected. Mean urinary excretion was 14·4±7·5mI/24h (n=1210, mean±SD) .
No differences were observed between sexes (for 52 females, 24 h volume = 15·1 ± 8· 0 ml; for 32 males, 24 h volume = 12· 5 ± 6, 0 mI). No significant differences were observed between pregnant and non-pregnant females with respect to 24 h urine volume, and bilateral gonadectomy did not influence subsequent urinary excretion in either sex.
For 161 pairs of observations, the intake of drinking water (11' 7 ± 10· 2 ml/24 h) and the volume of urine excreted (12' 6 ± 7 ·1 ml/24 h) showed a positive correlation (r= 0,406 d.f. 159, P<O'OOl: y=0·558x+4·247) .
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During a series of investigations undertaken to examine several aspects of the reproductive biology of the captive common marmoset monkey, Callithrix jacchus, the feasibility of collecting urine on a short to medium term basis was considered. Systems for the restraint and collection of blood and urine from these animals have been reported Hearn, 1977; O'Byrne, 1988; O'Byrne & Morris, 1988) . The urine collection system Received 13 October 1988 . Accepted 6 April 1989 described was such that complete 24-h collections could be undertaken . Since it was intended to administer 14C-Iabelled steroid to examine the metabolism of oestrogen in this species it was necessary to hold the animal in a metabolism cage for a longer period than had been previously attempted.
The object of the present study was to develop another system of urine collection in common marmosets and to provide data regarding 24-h urine volume and intake of drinking water.
Materials and methods
The animals used were adult common marmosets (Callithrix jacchus) of both sexes which had been maintained in a closed colony since 1975. Details of their husbandry have been given by . Data were obtained from both wildcaught and first generation colony-bred animals.
Animals were held in the metabolism cage for varying lengths of time over a 3-week period to familiarize them to the novel environment. In a further attempt to reduce potential stress effects, collections were made with the metabolism cage in the room in which the animal was normally housed.
System A This method was described briefly by . The marmoset was transferred to a rat metabolism cage (North Kent Plastics Cages Ltd, Erith, Kent, UK) for a complete 24-h period, a minimum of 5 days elapsing between successive collections in anyone animal. Urine was automatically separated from faecal material in the cage funnel and passed via a side arm into a disposable plastic universal container (Sterilin Ltd, Hounslow, Middx, UK) immersed in ice. A plastic bucket, with part of the side removed, was upturned over the metabolism cage to provide the animal with some feeling of security. Using this system, water was available ad libitum but a satisfactory feeding system could not be achieved. Accordingly, it was decided to withhold food while the animal was held in the system A metabolism cage. The urine collected was removed at the end of the working day and frozen at -20°C. The remainder of the 24-h sample was removed the following morning.
The intake of water during the 24-h period throughout which the marmoset was held in this metabolism cage was measured in 161 cases. Each animal was given 100 ml of drinking water, available via a ball valve, and the residual volume measured at the end of the 24-h period. The correlation between water intake and urine output was estimated by standard statistical procedures (Snedecor & Cochrane, 1967) .
System B
The administration of radioactively labelled materials for metabolic studies could not be undertaken using system A since the cage volume was considered to be too small (5070 cm 3 ) to allow for animals to be held for more than 24 h. Animals would need to be held in the metabolism cage for as long as was necessary to allow the label to be cleared, primarily in urine and faeces.
The basic cage employed was a Metabowl III model 10 glass metabolism cage (Jencons (Scientific) Ltd, Leighton Buzzard, Bedfordshire, UK). Although these cages can be obtained from the manufacturer with glass wall heights up to 35' 6 em the cage available had the standard wall height of 16· 5 em. This was considered to be inadequate, although the cage volume of 7956 cm 3 was greater than that of the system A cage. The height of the wall was, therefore, increased by the addition of a stainless steel cylinder which incorporated a perch of the same material. The modified cage is shown in Fig. 1 .
Further modifications included the use of a stainless steel feeding box in place of either the Lunn Fig. 1 . The modified Metabowl III metabolism cage. standard cigar type feeder or the solid (pellet) or soft (mash) feeders. In addition, the drop lick water bowl arm was angled towards the cage interior to improve its accessibility. Although this allowed the marmoset to reach the water source more readily, it still ensured that water spillage did not enter the metabolism cage proper. As with system A, collected urine was kept cool in an ice bath, the spherical glass collection vessel being changed every 24 h. Food and water were available ad libitum, but partial cage cleaning, particularly of the glass urine spreader, was mandatory during the period over which the marmoset was held in this cage.
Results
Using the NKP cage (system A), the only problem encountered was the ability of the marmosets to escape from the cage, either by dislodging the lid, or the food/water hopper. These initial escapes were subsequently prevented by the use of Bulldog clips. The results obtained for a total of 1210 observations in 84 intact adults using both systems are shown in Table 1 . No difference in 24-h volume was seen between sexes ( P = > O· OS, d.L 82, Student's t-test).
In 5 females having apparently normal gestations with full-term deliveries of viable young, 138 samples were collected during pregnancy (retrospectively dated). In these same females, 98 samples were taken while all available evidence suggested that they were not pregnant. No difference in mean urine volume between the non-pregnant and pregnant state was observed (Table 1 ).
In 7 males subjected to bilateral orchidectomy, the mean 24-h urine volumes before and after surgery were not significantly different and this was also the case for 9 females undergoing bilateral ovariectomy, with or without hysterectomy (Table 1) .
The correlation between the intake of water and the output of urine was calculated for 161 pairs of observations. The mean fluid intake (Ji) was 11·7 ± 10, 2 ml of water /24 h (range 1,0-63,0 ml/24 h) while the output of urine (x) was 12·6 ± 7, 1ml/24 h (range 3, 0-33' 6 ml/24 h). These values were positively correlated (correlation coefficient r=0'406, d.L 159, P<O'OO1), the formula for the regression being Ji=0·588x+4·247.
Discussion
Methods have been devised which allow the routine collection of complete 24-h urine samples from the marmoset. Animals were held in the Metabowl cage (system B) for up to 5 days continuously without any apparent ill effect, although they were not left in the NKP cage (system A) for more than 24 h.
Little information could be obtained from the literature regarding 24-h urine volumes in callitrichid monkeys; thus, in a bibliography prepared by the Primate Information Center (Morrow & Terry, 1968) , only one of the references listed gave data pertaining to this family. For 4 adult female Callithrix jacchus weighing between 230 and 320 g, the mean 24-h urine volume was 14'Oml, with a range of 2'9-34'Oml (Fooden, 1961) . In the present study, the mean value for 1210 samples from 84 individuals was identical, and the range similar, to that reported by Fooden (1961) . Other studies which have involved urine collection in callitrichid monkeys have normally used periods of less than 24 h or else values for 24-h urine volumes have not been given (e.g. Hampton et 01., 1969; Hodgen et 01., 1976; Kleiman et 01., 1978; Shackleton, 1979; Brand, 1981; Hodges et 01., 1981; French et 01., 1983; Hodges et 01., 1983) , although Shackleton (1975) quoted figures of 1O·0-25·Oml.
It was considered possible that pregnant females might produce more urine because of their increased size and/or altered metabolic state, but analysis of data from the same females in the pregnant and non-pregnant condition does not support this. This is at variance with the situation in the squirrel monkey, another New World primate, where both the daily intake of water and the volume of urine excreted increased during pregnancy to levels significantly greater than those recorded during the oestrous cycle (Travis & Holmes, 1974) . Removal of the gonads had no effect whatever on the daily urine output in marmosets.
The positive correlation between the intake of drinking water and the output of urine is as expected and is in keeping with the findings of Travis and Holmes (1974) in squirrel monkeys. Assuming an adult mean body weight in this colony of 316 g at the time of this study (unpublished data), marmosets had a mean daily intake of 37,0 ml of water/kg, a value considerably less than that recorded for nonpregnant (113'7 ml/kg), or pregnant (167'0 mI/ kg) squirrel monkeys (Travis & Holmes 1974). However, this may reflect inter-generic differences, or differences in body weight or metabolic rate or activity patterns.
In conclusion, 2 systems have been described which allow the collection of urine for periods of up to 24 h (the NKP cage system), or for at least 5 days (the Metabowl system). The advantage of the former includes the collection of a cleaner urine specimen, but this is achieved at the cost of an enforced fast.
